Background: A 2001 policy statement from the American College of Emergency Physicians encouraged "an effective and standardized system of medical error reporting for the purpose of aiding practitioners and institutions in efforts to improve safety."
INTRODUCTION
As defined by the Institute of Medicine (IOM), error is "…the failure of a planned action to be completed as intended or the use of a wrong plan to achieve an aim," whether or not there is a resultant preventable adverse outcome [1] . Wu et al. similarly defined medical error as "…a commission or an omission with potentially negative consequences for the patient that would have been judged wrong by skilled and knowledgeable peers at the time it occurred", independent of whether there were any negative consequences [2] .
In the last decade, the general public has become increasingly aware of the high prevalence of medical errors and subsequent adverse patient outcomes in the U.S. medical system. The IOM's 1999 document "To Err Is Human: Building a Safer Health System," in citing the finding that "…at least 44,000 Americans die in hospitals each year as a result of medical errors," called for a systematic overhaul of the American healthcare system to improve the level of safety, and, thus, quality of healthcare [1] . The American College of Emergency Physicians (ACEP) issued a policy statement in 2001 to encourage "an effective and standardized system of medical error reporting for the purpose of aiding practitioners and institutions in efforts to improve safety [3] ." The majority of patients desire full disclosure of *Address correspondence to this author at the Division of Pediatric Emergency Medicine, Department of Pediatrics, University of Utah, USA; Tel: 801-879-1570; Fax: 801-587-7455; E-mail: hbhuff@gmail.com any medical error, even if there was no associated adverse outcome [4] [5] .
Although less-experienced clinicians may be more likely to provide care consistent with prevailing practice standards, they also may be more likely to make medical errors than more experienced physicians [6] [7] [8] . Resident physicians are at high risk of making errors and suffering detrimental shortand long-term effects in both personal and professional realms [9] . Emergency medicine (EM) residents work in a particularly error-prone, sometimes chaotic environment treating multiple ill, previously unknown patients simultaneously and often passing on care to another clinician at shift change. Despite the unpredictable, high-risk environment, EM residents have the benefit of 24 hour attending supervision, thus, reducing the possibility of an adverse event and providing the potential for effective, constructive intervention should a medical error occur-via feedback and disclosure in a non-judgmental, timely manner [10] .
The Accreditation Council of Graduate Medical Education's (ACGME) guidelines mandate that all residents be trained to identify and analyze system error; for EM residents via "formal regular clinical discussions, rounds, and conferences that provide critical review of patient care…" but the content of an ideal medical errors curriculum is not specifically delineated [11] . Christmas and Ziegelstein argue that the identification and subsequent disclosure of medical error is a unique and vital skill that requires a novel approach, and should be considered the seventh competency of medical resident education [12] . In the past, most American medical residencies lacked formal curricula related to medical errors other than Morbidity and Mortality conference. In its traditional format, this experience has been shown to stigmatize individuals and have a negative effect on resident learning [13] . Specifically, Hevia et al. found that residents exposed to the negative analysis of a medical error are less interested in patient safety measures, less likely to disclose similar events in the future, and more likely to apply selfblame and ignore possible systemic causes [10] . In contrast, third year medical students highly rate didactic sessions dedicated to appropriate medical error disclosure in a blamefree, empathetic setting as effective and helpful for their future careers [14] . The appropriate management of medical errors appears to be a vital component of not only patient safety, but also physician personal and professional wellbeing.
There is little objective data regarding the impact of the IOM report on medical error education. The purpose of this survey was to gain insight as to the current curricula of U.S. medical residency programs regarding the recognition and management of medical errors and to specifically compare EM and non-EM residency program curricula. We hope that by gathering and presenting data on the current state of resident education regarding the recognition and management of medical errors, we enable residency administrators to effectively alter their curricula to enhance patient safety.
MATERIALS AND METHODOLOGY
After a review of the literature, we developed a survey that was pilot tested to twenty academic physicians in our institution. We incorporated the feedback from the pilot study to develop the final survey, a 41-item Internet-based questionnaire (Appendix 1). We then sent a link to the survey by electronic mail to residency directors and chief residents of ACGME-approved U.S. residency programs January-March 2008.
Participants
Chief residents and residency directors of ACGMEapproved U.S. residency programs in the fields of anesthesiology, emergency medicine, family medicine, general surgery, internal medicine, obstetrics and gynecology, and pediatrics were eligible for participation in this study. The ACGME estimates that these subspecialties encompass 57.5% of U.S. medical allopathic trainees (62,031 residents in anesthesiology, emergency medicine, family medicine, general surgery, internal medicine, obstetrics and gynecology, and pediatrics of 107,851 total residents in 2007-2008) [15] .
We selected chief residents and residency directors because both groups work in academic institutions in the area of medical resident education. They are thus best qualified to answer questions regarding residency medical error curriculum. In addition, we were able to obtain contact information for these two groups from the ACGME website [15] .
Design and Setting
We invited potential respondents via e-mail to complete a brief, on-line, anonymous survey (Appendix 1) coordinated by a University of Utah-based survey service. Responding to the survey implied respondent consent to participate in the study. As per published response rates to electronic surveys for medical research, our anticipated response rates were between 8.7% and 30%, though e-mail surveys incorporating multimode approaches have been reported to yield response rates as high as 70% [16] [17] .Our institution's Institutional Review Board considered this study exempt.
Main Outcome Measures
Our primary outcome measures of interest were the specific components in the EM and non-EM residency training curricula regarding the identification and management of medical errors. We also explored several secondary outcome measures, including: respondent knowledge of medical error definitions, awareness of relevant medical error statutes, the effect of malpractice liability concerns on career decisions, hypothetical responses to the following vignettes of nonharm and harmful medical error, and actual past responses to non-harm and harmful medical error:
Vignettes and Queries
For each of the below vignettes and queries, respondents could select "yes" or "no" to one or more of the following: "my superior(s)," "my patient," "my hospital's quality improvement or risk management department," "a colleague," and "no one."
Hypothetical Vignettes and Responses

Hypothetical Non-Harm Medical Error Vignette
"If a patient received too much mucomyst based on my incorrect order and no harm resulted to my patient, I would report the error to which of the following person(s) the majority (>50%) of the time?"
Hypothetical Harmful Medical Error Vignette
"If I made a medical error that does result in harm to my patient (e.g. missing a scaphoid fracture on an x-ray and NOT immobilizing the patient prior to discharge home, thus delaying definitive management and increasing the risk of avascular necrosis), I would report the error to which of the following person(s) the majority (>50%) of the time?"
Queries and Actual Responses
Actual Non-Harm Medical Error Query "When I made a medical error that did not cause harm to my patient, I reported the error to which of the following people the majority (>50%) of the time?"
Actual Harmful Medical Error Query
"When I made a medical error that did cause harm to my patient, I reported the error to which of the following people the majority (>50%) of the time?"
Data Collection
Through the survey instrument, we collected demographic data, including respondent age, gender, medical subspecialty, and year of training completion. We also gathered information on the following specific components of the residency training curricula of respondents and respondents' trainees: (1) Morbidity and Mortality conference, (2) number of medical error-related lectures per year, and (3) educational discussions of medical malpractice litigation, risk communi-cation, medical liability, medical record documentation, risk management, vaccine injury, expert witness testimony, and informed consent. We queried respondents regarding their own knowledge of the definition of medical error, awareness of state statutes related to medical error, and experiences with medical error. For the purpose of this study, we utilized an IOM report-derived definition of medical error: "physician error carried out in patient care-regardless of patient morbidity or mortality."
Statistical Analysis
We analyzed respondent demographic data using descriptive statistics. In addition, we used a linear regression model to compare respondent training characteristics and the likelihood that a respondent was exposed to medical error education during his/her training. We utilized chi-square analysis where indicated and set the alpha level for comparison at 0.05 for all comparisons. We used Microsoft Access ® (Microsoft Office 2000) and SAS ® (version 8.0) software for all statistical manipulations. Due to the methodology implemented to assure anonymous responses, the exact survey response rate is impossible to obtain, but lies between 44%, assuming one reply per program, and 21% if only the program directors can be assumed to have responded from unique programs.
RESULTS
Demographics
Current EM vs. non-EM Trainee Experience
Roughly half of today's EM and non-EM residency Morbidity and Mortality conferences discuss both the definition of a medical error and when to apologize for a medical error (53.8 vs. 48.5%, p=0.53). Although the total number of error-related lectures each year is similar for EM and non-EM residency programs (3.8 vs. 4.9, p=0.24), EM trainees may have fewer non-Morbidity and Mortality error-related lectures (2.9 vs. 4.4, p=0.06). Exclusive of Morbidity and Mortality, the main mechanism of medical error education is the combination of lecture/seminar, informal teaching, and personal experience for EM to a greater extent than non-EM trainees (68.9 vs. 58.6%, p=0.008).
More EM residents than non-EM residents receive instruction in the following medical error-related topics: 
Response to Hypothetical and Actual Errors
The respondents were presented with a scenario in which a non-harm medical error was made-"patient receiving too much mucomyst based on my incorrect Next the respondents were presented with a scenario in which a potentially harmful medical error was made-"missing a scaphoid fracture on an X-ray and NOT immobilizing my patient prior to discharge home, thus delaying definitive management and increasing the risk of avascular necrosis." In this situation, EM respondents were more likely to report to hospital quality improvement or risk management department (88.6 vs. 80.3%, p=0.04) or a colleague (66.0 vs. 56.4%, p=0.08) while non-EM respondents would more often report to superiors (94.3 vs. 84.0%, p=0.001). There was no difference in EM and non-EM respondents in likelihood to report such an error to the patient (96.1 vs. 97.5%, p=0.51) or to no one (1.4 vs. 2.3%, p=1.0). In recalling their actual prior harmful errors, more EM respondents reported to quality improvement or risk management department (91.5 vs. 72.5%, p<0.0001) while more non-EM respondents reported to their superior (95.3 vs. 83.9%, p=0.0004). No difference was noted in reporting to the patient (EM 93.6 vs. non-EM 93.6%, p=1.0), a colleague (EM 61.7 vs. non-EM 71.7%, p=0.09), or no one (EM 3.0 vs. non-EM 1.5%, p=0.71).
Respondents' Error-Related Knowledge
In response to personal knowledge questions, fewer EM respondents marked "I don't know" to questions regarding whether medical error reporting is mandatory in their state (52.4 vs. 69.2%, p<0.001) and if there is an apology statute in their state (68.9 vs. 83.6%, p=0.001). More EM respondents affirmed that they had made a harmful or non-harm medical error in the course of their career (99.1 vs. 93.5%, p=0.02) but more non-EM respondents admitted that malpractice concerns influenced their career decisions (47 vs. 36%, p=0.04).
Roughly one-third of EM and non-EM respondents disagreed with the incorrect definition of a medical error-"patient morbidity and mortality while under a physician's care" (38.3 vs. 30.9%, p=0.43) and roughly half of each group agreed with the correct definition of a medical error-"physician error carried out in patient care-regardless of patient morbidity and mortality" (57 vs. 43.4%, p=0.11).
DISCUSSION
The 1999 IOM report recognized the widespread occurrence of medical errors in the United States and highlighted the importance of medical error prevention and recognition. 1 Many medical organizations, including those focused on emergency medicine, subsequently encouraged organized training of medical residents in the area of medical errors. We observed a number of features related to physician education and knowledge of issues pertaining to medical errors in resident education programs now a decade after the 1999 IOM report.
First, emergency medicine residents are overwhelmingly trained in important aspects of medical error education, including medical malpractice litigation, risk communication, medical liability, medical record documentation, risk management, and informed consent in comparison to other subspecialties. Although the ACGME has not specified particular areas of focus in residency training in medical errors, increased education in these pertinent topics is a noteworthy improvement. Morbidity and Mortality conference remains a common means of medical error education but the number of non-Morbidity and Mortality medical error lectures has markedly increased based on data from prior studies [9] .
Professed chief resident and residency director knowledge remains inadequate on a number of important topics, including familiarity about relevant statutes and the definition of medical error. The majority of U.S. states have enacted apology statutes (35 states and the District of Columbia), yet most respondents claimed to be unaware of relevant apology statutes in their own states [18] . This survey instrument did not examine the extent of the respondents' knowledge of their own states' apology statutes. In addition, although chief residents and residency directors have considerably improved their understanding of the correct definition of a medical error from that noted in a 2004 survey of chief residents, almost half of the chief residents and residency directors surveyed remain unaware that a medical error may have occurred even in the absence of patient harm [9] .
Finally, we found a discrepancy between what physicians are doing and what patients feel should be done. In prior studies, patients have clearly stated a desire for full disclosure of both non-harm and harmful errors [19] [20] . However, physicians in our study report disclosing non-harm errors to the patient less than 75% of the time, a finding that may be related to chief residents' and residency directors' failure to recognize non-harm errors as important, erroneous events. The percentage of physicians in our study willing to disclose medical errors to superiors and patients were considerably higher than those reported in a 1991 survey of internal medicine residents, perhaps indicating a trend toward increased disclosure after publication of the IOM report [21] . In addition, comparison of EM and non-EM chief residents and residency directors showed substantial differences in error disclosure practices. EM physicians are more likely to report errors to hospital quality improvement or risk management while non-EM physicians are more likely to disclose errors to a superior. The significance of this finding is unknown and may be related to differences in error reporting policy in different departments.
In the wake of the 1999 IOM report, our data show that graduate medical education programs now contain substantial medical error disclosure and related medical legal issues components. However, substantial gaps in resident educator knowledge regarding medical error, related medical legal issues, and appropriate disclosure still exist. In addition, the effects of changes in residencies' medical error curricula on physicians' knowledge and behavior remain unclear, and warrant further study. Finally, further research is needed to explore whether increased medical error awareness and behavior changes by physicians will result in improved quality of care and reduced medical errors. Such studies may help establish specific, effective guidelines for medical error education.
Limitations
There are several limitations to this study. First, there are the limitations inherent to survey studies. These include possible selection bias as well as concerns for anonymity, which may have resulted in under-reporting of medical errors and recall bias. Second, in an attempt to reach as many respondents as possible, we asked recipients of our initial e-mail to forward our survey's website to the appropriate individuals within their residency programs. The subsequent large number of chief residents and residency directors responding to this survey enabled us to amass data and draw important conclusions regarding the current state of resident education in the area of medical error. Our recruiting tactic, however, left us unable to calculate a definitive response rate. Finally, the findings of our study may have limited generalizability due to the academic affiliation of the respondents and the geographic distribution of the respondents. CONCLUSION ACGME-approved residency program curricula include variable components of education in medical errors; significant differences between EM and non-EM residency programs exist. Future studies should evaluate the effect of clinician experience on medical errors, as well as the effect of negative analysis of a medical error on resident trainees.
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